Poster Sessions C228 known inhibitor-enzyme complex [6]. In this structure-based design we have already found 100x better inhibitor of mitochondrial nucleotidase and some other promising compounds.
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Rabbit Hemorrhagic Disease virus (RHDV) is the causative agent of a highly infectious disease of domestic and wild rabbits. RHDV is the prototype strain of the genus Lagovirus within the family Caliciviridae, a group of nonenveloped, icosahedral viruses. Because a cell culture able to support authentic RHDV has not been found, much of our understanding of these viruses, including their structure, has depended on self-assembled recombinant RHDV emptyVLP.
Caliciviruses are composed of 180 copies of a single capsid protein (CP). Atomic resolution structures of VLP of Norwalk virus [1] , and native San Miguel sea lion virus (SMSV) [2] and feline calicivirus (FCV) virions [3] indicate that the virion consists of 90 dimers of the CP arranged with a T=3 symmetry. Each monomer contains three structural domains, an N-terminal arm (NTA), the shell (S), and a protruding domain (P). The P domain is highly flexible [4], which facilitates virus-host receptor interactions at the outermost surface [5] .
We established the mechanism that allows VP60 (the RHDV CP) to switch among quasi-equivalent conformational states. In contrast to results with other caliciviruses, the VP60 molecular switch that controls its structural polymorphism (to acquire the three conformations required for a T=3 capsid) is contained in the NTA region, which faces the inner surface of the capsid shell. Mutants lacking the first 29 N-terminal amino acid residues lost the ability to acquire different conformations and assemble mostly into a T=1 capsid [6] .
RHDV VLP structure has been solved to 7.0 Å resolution by three-dimensional cryo-electron microscopy. These studies allowed definition of the backbone structure of VP60 protein following flexible docking analysis of homologous models. Our quasi-atomic model was validated by insertion of foreign epitopes at the N-or C-terminal regions, as well as in predictable internal loops facing the outermost surface of protruding domain. These structural studies constituted the framework for use of RHDV capsids as a delivery system for B and T cell epitopes. The hypervariable region (HVR) of FCV capsid protein (HVR FCV ), which localizes at the outermost tip on its protruding domain, contains a neutralizing epitope. The inserted HVR FCV epitope has the sequence GSGNDITTANQYDAADIIRN. Double insertion of this epitope at the VP60 N-terminal end leads to larger T=4 capsids, increasing the capacity for structural polymorphism of a CP. Previous manipulations to decipher the molecular basis of the inherent structural polymorphism of a capsid protein always led to loss of structural plasticity, and we are exploring this unprecedented discovery at finer structural and molecular levels [1] Keywords: three-dimensional cryoelectron microscopy, structural polymorphism, capsid protein.
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Electron diffraction of submicron 3D protein crystals Igor Nederlof, Dilyana Georgieva, Jan Pieter Abrahams, Biophysical Structural Chemistry, Leiden Institute of Chemistry, Leiden, (The Netherlands). E-mail: i.nederlof@chem.leidenuniv.nl X-ray diffraction is still the leading technique for structure determination of three dimensional protein crystals. However, obtaining well diffracting protein crystals suitable for X-ray crystallography is still a major bottleneck. Small needle-like crystals are often obtained that cannot be optimized for X-ray diffraction. Recent results have shown that electron diffraction is more suitable for obtaining diffraction patterns from sub-micrometer sized protein crystals. However, radiation sensitivity still makes it difficult to obtain multiple electron diffraction patterns of a single crystal, limiting structural studies. This work discusses the use of a Medipix detector for data collection. The Medipix is a CMOS, electron counting pixel detector collecting virtually no background noise. The detectors high sensitivity allows diffraction rotation data to be obtained from a single protein crystal. This could make data collection of electron diffraction patterns suitable for solving three dimensional protein structures. Rice dwarf virus (RDV), member of the genus Phytoreovirus in the family Reoviridae, is an icosahedral double-shelled particle of approximately 70 nm in diameter. The core of the virus is composed of P3 proteins which encapsidate 12 segments of double-stranded RNA and transcriptional enzymes. The core is surrounded by the outer capsid shell, which consists of the P8 proteins as the major component and the P2 and P9 proteins as the minor components. The capsid structure of RDV including 120 copies of P3 and 780 copies of P8 proteins has been determined at 3.5 angstrom resolution by xray crystallography [1] . However, the structure and location of the P2 protein required for vector transmission remains unknown, because the specimen used for x-ray crystallography lacked the P2 protein during the sample preparation. Here, we used complete RDV virions with P2 protein for the structural analysis by cryo-electron microscopy to determine the P2 structure and location in the capsid shell. Thus, the P2 proteins are located around 5-fold axis, which reminds us of VP4 spikes of Rotavirus, another member in the Reoviridae family. In the case of Rotavirus, the VP4 spikes at the same position as RDV are the major player in the cell entry process [2] . Therefore, they may fold the similar cell entry process in common.
Keywords
In addition to the in vitro study, we determined the in vivo supramolecular structure of virus-infected cells by cryo-electron tomography to understand viral life cycle. Studies in vitro using purified specimens can not reveal such structural information in the cells and cellular events. When RDV is infected to the host insect cells, formation of protruding tubules composed of viral protein Pns10 can be observed [3, 4] . The tubular structure contains RDV particles, and RDV exploits tubules to move into neighboring cells. To understand the viral infection mechanism, viral host cells were cultured on EM grids and infected by RDV. The cells at 3 to 5 days after inoculation were plunged into the liquid ethane and embedded in vitreous ice. Then, the three-dimensional (3D) structure of the tubules containing RDV particles was examined by cryo-electron tomography. The 3D structure clearly visualized the tubular structures containing RDV particles, and their association with cytoskeletal actin and cytoplasmic membrane. These structures gave us new insight into the viral infection mechanism exploiting unique tubular structures. Structural studies of the DNA end resection complex from Pyrococcus furiosus Matthew Bennett, Karl-Peter Hopfner, Genecenter, Ludwig Maximilians University of Munich, Munich (Germany). E-mail: bennett@genzentrum.lmu.de Double strand DNA breaks are one of the most serious threats to cell survival and replication. They occur regularly in all cells due to chemical or physical damage, and must be repaired rapidly and accurately to ensure that genetic information is maintained. Two classes of repair system exist, which repair breaks by homologous recombination (HR), or nonhomologous end joining (NHEJ). We study the HR DNA repair system of the archaeon Pyrococcus furiosus, which is similar to, albeit simpler than that of higher organisms.
Double strand breaks are first identified by the MR complex, which partially prepares the damaged DNA ends for repair, as well as initiating signaling to the cell that DNA damage has occurred. The break site is then passed to a 500kDa end resection complex consisting of a hexameric HerA helicase ring and a NurA nuclease dimer, which prepares the break site for recombination. The DNA strands adjacent to the break site are unwound by HerA. NurA, a 5′ Mn2+ dependant nuclease, then removes the 5′ strand, leaving a free 3′ single strand of DNA for repair by homologous recombination.
We have solved the crystal structure of NurA, which was found to have an RNase H-like fold, with the presumed substrate binding site cleft formed between the two molecules of the dimer. We have also investigated complexes of NurA with DNA substrates, and have identified both suitable DNA substrates for co-crystallisation, and crystallisation conditions that produce diffracting crystals of the NurA-DNA complex. While efforts to obtain crystals of the HerA-NurA complex have been unsuccessful to date, we are investigating the structure of this using electron microscopy.
We present here the preliminary crystal structure of NurA and our studies into the structure and function of the HerA/NurA resection complex, using a hybrid methods approach consisting of crystallography and EM. Microtubules are cytoskeletal elements made up of αβ-tubulin heterodimers that provide structural support for the cell and play important roles in key cellular processes such as cell division, cell motility and intracellular transport. In contrast to other cytoskeletal components (i.e. actin), the α and β-tubulin heterodimer biogenesis pathway involves not only the cytosolic chaperonin CCT for proper folding of the monomer but also a number of tubulin binding cofactors (TBCA-E). Upon one or several rounds of ATPase dependent cycles of CCT activity, quasi-native monomers of tubulin are released from the chaperonin. These folding intermediates subsequently interact with cofactors in a stepwise process that generates assembly competent heterodimers. Furthermore, cofactors D and E can dissociate native heterodimers [1] [2] [3] and might also regulate tubulin monomers degradation. Therefore, these proteins would take an important role in the spatial and temporal regulatory pathway of microtubule dynamic instability.
The atomic structure has been solved only for cofactor A [4], the Cterminal glycine-rich cytoskeleton-associated protein domain [5] and the ubiquitin-like β-grasp fold domain of TBCB [6] and the C-(PDB: 2YUH) and N-terminal domains of cofactor C [7] . Complementary studies combining modeling and fold prediction tools [8] , have identified the structure of some cofactor domains such as spectrinlike domain in cofactor D and C, leucine-rich repeats in cofactor E, HEAT and Armadillo domains in cofactor D and ubiquitin-like domain (Ubl) in cofactors B and E.
Previously, it has been proposed that some of these domains (i.e. Ubl domains) mediate the interaction between different cofactors and those cofactors with tubulin in a regulated manner that determines microtubule stability or dynamicity. However, no cofactor-cofactor complex or cofactor-substrate complex structures have been solved up to now, and the specific regions of interaction remain to be mapped. Here we propose a preliminary structural analysis by transmission electron microscopy and image processing techniques of different tubulin cofactors, as well as a preliminary docking of several tubulin cofactor domain structures solved by X-ray diffraction.
